SUMMARY. Okra (Abelmoschus esculentus 'Clemson Spineless') was grown on an Orangeburg sandy loam soil in Shorter, AL. Okra was direct-seeded in single rows. Treatments consisted of five mulch colors: black, white, red, silver, and blue installed either with or without spun-bonded row cover. Soil temperatures were 4 to 7 °C lower than air temperatures in all treatments. The use of darker (black, blue, red) -colored plastic mulches increased early and total yield of okra compared with bare soil with and without row cover. Increased soil and air temperatures did not always correlate to an increase in yield. It can be concluded that the use of dark plastic mulch is advantageous to growers of okra in climates that do not have cool springs, but the added use of row covers to plastic mulch has no effect on growth and yield. The profit of marketable okra produced using a row cover was $1.37 versus $1.35 per pound without a cover in 2003 and $1.28 versus $1.29 per pound in 2004. Blue plastic mulch is c$0.08 per foot more expensive than black plastic. Our data do not show an economic advantage for blue over black mulch for okra, but the positive effect cited by other authors may be more pronounced with leafy vegetables.
p lastic (polyethylene) mulches have been used in vegetable production in the United States since the 1950s. Black polyethylene plastic mulch is the standard plastic mulch used in vegetable production. Black plastic alters the plant's growing environment by generating warmer soil temperatures (Dodds et al., 2003; Hanna et at., 2003) and holding more soil moisture (Ham et al., 1991; Lamont, 1993) than bare soil. Researchers using black plastic instead of 'USDA-ARS, Subtropical Horticultural Research Station, 13601 Old Cutler Road, Miami, FL 33158 2 Departinent of Horticulture, 101 Funchess Hall, Auburn Universit,', AL 36849 'Corresponding author. E-mail: Garv.Gordon@ARS. USDA.GOV . bare soil have recorded higher yields (Brown et al., 1995; Leib et al., 2002; Summers and Stapleton, 2002) , earlier harvests (Bonanno and Lamont, 1987; Ibarra et al., 2001; Lamont, 1993) , and cleaner fruit (Brown and Channell-Butcher, 2001; Loughrin and Kasperbauer, 2002) , all attributed to soil temperature and moisture differences under plastic mulch. Sometimes black plastic mulches can create soil temperatures that are too high and this will cause deleterious effects on plant growth (Diaz-Péréz et al., 2000; Orzolek and Murphy, 1993) . Other mulch colors besides black have been used by growers and researchers in vegetable production. White plastic mulch has been shown to generate cooler soil temperatures than black plastic (Diaz-Péréz and Batal, 2002; Lamont, 1993) . White plastic is preferred during the summer growing season in warmer regions of the world compared with black plastic because it has the ability to maintain soil moisture while having cooler temperatures than black plastic. The use of silver plastic mulch has resulted in less insect-transmitted disease (Csizinszky et al., 1995; Lamont et al., 1990) in certain vegetable crops. Red plastic mulch has shown increased yield in tomato (Solanum lvcopersicnm) (Decoteau et al., 1989) and other crops (Decoteau et al., 1990; Kasperbauer, 1992) .
Row covers are used to insulate a plant's growing environment to promote earl y yield. Floating spunbonded polyester row covers are used with various vegetable crops (Shadholt et al., 1962; Wells and Loy, 1985) . Floating row covers have been shown to alter the plant's niicroenvironment by increasing temperatures for the crop during the day and into the night (Arancibia and Motsenhocker, 2002) . The use of row covers with plastic mulch has shown to sometimes have a greater effect (Powell, 2000) and sometimes less effect (Lamont et al., 2000) on plant yield than the use of plastic mulch alone. The response of a plant to row covers is greatly dependent on the temperature in the region during the time the row covers are installed (Bonanno and Lamont, 1987; Contreras Magana and Snchez del Castillo, 1990) . The use of row covers with plastic mulch has been shown to generate earlier and increased yields than row covers and plastic mulch used separately (Brown and Chan nell-Butcher, 1999a; FarIas-Larios et aL, 1998; Purser, 1993) . Brown et al. (1998) observed that row covers with plastic mulch increased yield in sweetpotato (Ipomoea batatris). Gerber and Brown (1982) found superior and earlier yields of muskmelon (Cucumis melo) with the combination of row covers and plastic mulch. Cucumber (Cucumis sativus) exhibited a positive increase in early and total yield with the addition of row covers to plastic mulch (Wolfe et al., 1989) .
Phytochrome is the photoreceptor responsible for light-regulated growth responses. The phvtochrome molecule is a dissolvable chromoprotein with subunits that are made up of a linear tetraprvrrole chromophore covalently linked to a polypeptide of 120 to 127,000 molecular weight depending on the plant species (Pratt, 1982; Vierstra et al., 1984) . Ph ytochrome receptors within plant cells have the ability to detect wavelengths from 300 to 800 run. Red (R) light is absorbed from 660 to 680 nm and far-red (FR) light is absorbed from 730 to 740 nm Kasperhauer, 1999; Rajapakse and Kell y, 1994) . Tomato plants grown with red plastic mulch produced higher marketable yields than those grown with black plastic mulch (Decoteau et al., 1989) . The researchers who conducted this study believed that their findings were related to the effects that light reflected from red plastic mulch had on the plant's phvtochrome regulatory system. Orzolek et al. (2000) found silver and red plastic mulches reflected higher FR:R ratios than other mulch colors used in their study. This study also revealed an increase in marketable fruit yield in tomato using silver or red mulch as compared with standard black plastic. Bell pepper (Capsicum annuum) plants grew taller and were heavier when grown on red plastic, which exposed them to a greater FR:R ratio compared with other plastic mulches used in the experiment (Decoteau et al., 1990) .
Plants have shown a multitude of different responses when treated with blue (wavelength 400 to 500 nm) light. Blue light treatments have shown to affect morphological, metabolic, and directional reactions in plants (Senger and Schmidt, 1994) . Some of the documented findings on plant response to blue light include: phototropism (Lipson, 1980; Shropshire, 1980) enz yme synthesis (Hart, 1988; Ruvters, 1982) , chloroplast development in leaves (Akoyunoglou et al., 1980) , and stomatal opening (Hart, 1988) . Hatt et al. (1993) and Kasperbauer and Loughrin (2004) have found white plastic mulch to reflect more blue light than the other colored mulches used in their experiments. Antonious et al. (1996) reported that turnip (Brassica rapa) roots grown on white plastic mulch, which reflected the largest amounts of blue light, had the least distinct or mildest flavor. Decoteau et al. (1988) reported that shorter stems and more auxiliary growth could result from the blue light reflected from the use of white plastic mulch with tomato. Fieldgrown cotton (Gossvpium spp.) produced more boll fibers and seeds per plant when grown on ground covered with colored plastic mulches that reflected less blue light resulting in higher FR:R ratios (Kasperbauer and Thibodeaux, 1997) .
Research on growing vegetable crops with various colored plastic mulches along with spun-bonded row covers is limited. The purpose of this stud y was to evaluate the effects of colored plastic mulches with and without row covers on growth and earliness of fruit production on okra. Table 2 . Analysis of variance results for the effects of mulch color by row cover, year, block, and their interactions on okra plant height, fresh weight, stem diameter, and marketable and unmarketable yields (early and total yields) at Shorter, AL. May to 7 June from 1200 to 1300 HR on each day. The air temperatures were recorded during the okra vegetative stage.
Materials and methods
The stem diameter was taken with a digital caliper (Model 500-196; Mitutoyo Digimatic, Kanagawa, Japan). Caliper measurements were taken 2 inches above ground level around the base of plants. Canopy heights were taken with a meter stick by measuring from the base of the plant to the tip of the highest leaf. Plant heights were taken from all treatments in both years on the day that the row covers were removed. The amount of branching per okra plant was determined by hand counting all branches over 3 inches in length. The okra yield was separated based on appearance (size, shape, color, and presence of insect or disease damage) into marketable and cull fruit and the weight of each group recorded. Yields for each treatment were analyzed using SAS (Version 9.1; SAS Institute, Cary, NC). The effects of mulch color, row cover, replication (block), year, and their interactions on selected plant physical characteristics and yield components were tested by the analysis of variance (ANOVA) procedure. Where main effects were insignificant, those variables were dropped from the model and the ANOVA rerun. Because there were no significant block effects, the data were run in a factorial model with interaction. Temperature data were analyzed using the general linear model, repeated measures procedure of SAS (SAS Institute). Both air and soil temperatures were reported as the mean for values measured over the recording period during each year. Unless otherwise indicated, mean separation for all variables was accomplished with the Fisher's least significant difference test at P< 0.05.
Results and discussion
Significant differences between treatments were found for mulch color ( Table 2 ). The row cover effect was significant for all treatments except total cull and year had a significant effect on all but fresh weight. There were significant mulch-b ycover-by-year treatment interactions for early yield components; however, by the end of harvest, these effects had vanished. All yield data are presented by year for early versus total yield comparisons. mulch resulted in the highest early yield and maintained its productivity through harvest yielding the second highest combined total yield. At harvest, black plastic mulch resulted in the highest combined total yield. There were no significant differences in early marketable and cull okra yields among the mulch color treatments in 2003. The bare soil produced the lowest marketable and combined total yields and black plastic produced the highest. On average, marketable yields were 66% of the total fruit produced with row cover 
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treatments producing a slightly higher percentage of marketable fruit than those without covers.
Okra marketable and cull yields for 2004 are shown in Table 4 . Yield trends in 2004 were roughly similar to those in 2003. Early yields were greater without a row cover than with one. There was no significant difference between row cover treatments for combined total yield. This was the result of red and blue plastic mulch treatments producing greater yields without a row cover. Despite these two exceptions, by the end of harvest, plots with a row cover produced significantly more marketable yield than those without a row cover. Earl y marketable plus cull yields were similar for blue and black mulches and lowest with bare soil. This trend continued through to harvest. Plastic mulch has been identified for its ability to produce earlier okra yields than bare soil (Incaleaterra and Vetrano, 2000; Simone et al., 2002) . In our study the results were inconsistent on this point. Bare soil always produced the lowest early yield; however, the difference was only significant in 2004.
At harvest, marketable yield was higher with row cover than without; however, the total combined yield with row cover was not significantly higher. Blue and black plastic mulches gave the highest early marketable plus cull yield and gave the two highest yields were 26% and 28% of the com-BLUPM + RC ^! SPM + RC RPM + total combined yields, significantly bined total for treatments with and RC> BS + RC and BLUPM BPM > higher than all but white plastic without a row cover, respectively. RPM = WPM = SPM > BS for treatmulch. Bare soil had the lowest total Combined total yield for mulch treatments with and without row covers, marketable yield of all treatments; this ments for each row cover followed the respectively (data not shown (1990) also found black plastic mulch with a row cover produced higher okra yield than bare soil. The data for mulch color, row cover, year, and mulch row cover interaction show significant effects on both air and soil temperature at P < 0.01 (Table 2) . In general, plots with row cover had higher air temperatures than plots without row cover (Table 5 ). In 2003, row cover had no effect on soil temperature. In 2004, 1 °C higher temperatures were recorded in most plots without than with a row cover. The differences in soil temperature between plots with and without row cover were significant but not likely important. Temperature data for each year were analyzed separately.
Black plastic mulch is the standard color of mulch used in horticulture. Figure 1A shows that in 2003, black plastic mulch with row cover had a higher air temperature than black plastic mulch without row cover or bare soil. The black plastic mulch with row cover averaged 4 °C higher air temperature compared with black plastic mulch and 5 °C higher air temperature compared with bare soil. In 2004 ( Fig. 2A) , air temperatures were an average of 6 °C higher for black plastic mulch with row cover treatment compared with black plastic mulch and 5 °C higher compared with bare soil. Okra mean air and soil temperatures are shown in Table 5 for , most plots with plastic mulch plus row cover had statistically similar air temperatures. However, BS + KG had a lower air temperature than other plots with a row cover. During 2004, in plots with a row cover, only BLUPM + RC failed to generate higher air temperatures than BS + KG. These findings are in agreement with other researchers who found higher air temperatures with the use of plastic mulch (Bonanno and Lamont, 1987; Brown and Channell-Butcher, 1999a; IbarraJiménez et al., 2004; Khan et al., 1990) . Without a row cover, WPM, BLUPM, and BPM had higher air temperatures than BS treatments in 2003. In 2004, there were no differences in treatments without row covers.
In 2003, soil temperatures were hotter under black plastic (Fig. 1B) than under black plastic with row cover or bare soil. Like 2003, soil temperatures for 2004 (Fig. 2B) were greater under black plastic mulch than black plastic mulch with row cover or bare soil. The okra soil temperatures for 2003 and 2004 were significantly higher in plots with blue, red, and black plastic mulches both with and without row covers. All of these treatments were darker colored plastic mulches. Diaz-Pérez and Batal (2002) and Rangarajan and Ingall (2001) found cooler temperatures with bare soil than under darkcolored plastic mulch. These findings also agree with Csizinszky et al. (1995) who found blue led to a higher soil temperature than orange, red, aluminum, white, or yellow-colored mulches. Gough (2001) Air temperature was negatively correlated with early yield (Table 6 ). This is likely the result of above normal temperatures early in the season delaying flowering. This would lead to low early yields and the negative correlation with air temperature. Total yield and the number of branches produced by okra plants were positively correlated to air temperature. Soil temperature was positively correlated with early yield, but this relationship diminished by the end of harvest.
Mulch color, row cover, and year had significant effects on plant height, stem diameter, and the number of branches produced by okra plants; mulch color and year had significant effects on okra fresh weight (Table 7) . BS and WPM. Brown and GhannellButcher (1999b) and Saikia et al. (1997) found that the use of plastic mulch with row cover generated taller okra plants than the use of just plastic mulch or bare soil. The stem diameters produced under BPM was either the largest or second largest (2004 with row cover) of any treatment.
Pearson correlation coefficient
There were no differences in okra fresh weight between treatments in 2003. In 2004, the fresh weights with blue, black, and red mulch colors were always significantly greater than with bare soil regardless of the presence of row cover.
The branch count produced by okra plants grown with a row cover followed the order BPM + RC = WPM + RC = BLUPM + KG RPM + KG SPM + KG BS + RC and BPM + RC ^! BLUPM + KG = RPM+RG>WPM+KG^:SPM + RC > BS + RC in 2003 and 2004, respectively . Without a row cover, the branch count was onl y significant in 2004 and followed the order WPM ^! BPM = BLUPM ^! RPM = SPM> BS. Khan et al. (1990 Khan et al. ( , 1998 and Rahman and Shadeque (1999) noted that more okra branches developed with plastic mulch with or without row covers than bare soil.
Results from our study show that a row cover can increase yield; however, the presence of a row cover did not reduce the percentage of cull fruit. Black and blue mulch consistently produced plants among the tallest, greatest fresh weight and most prolific branching. Early and total yields were also highest under black and blue mulches.
Conclusion
In this study, plants grown in soil under a row cover were taller and generally more robust than plants grown without row covers. Marketable yield was greater with the use of a row cover. In contrast, early yields were reduced by the presence of row cover. This is attributed to the high air temperature in late May associated with row covers. At times, air temperature surpassed 38 °F in plots containing a row cover. Soil temperatures were 5 to 7 °C lower than air temperatures. The dark colors, black, blue, and red, resulted in higher soil temperatures than silver or whitecolored mulches. Warmer air and soil temperatures did not always correlate to greater yield. Early yield was generally greatest with dark mulch colors and the combined total yield greatest with black and blue plastic mulch. Fields et al. (2004) estimated production cost of okra in Alabama without plastic mulch or row cover to be $2834.32/acre. The price of black plastic mulch is estimated at $252.00/acre and a row cover at $637.00/acre. Mossier and Dunn (2005) have given a price as high as $1.66/lb for okra. The profit of marketable okra produced using a row cover was $1 .37 versus $1. Blue plastic mulch produced plant height, fresh weight, and early and total yield comparable to black plastic. The FR:R and blue light reflectance from the various plastic mulches was not measured during this experiment. It is possible that the FR:R and blue light reflected from the plastic mulches could have improved okra growth and yield. Decoteau et al. (1989) and Hatt et al. (1993) found the FR:R ratio had a positive effect on vegetable crops. Blue plastic mulch is $0.08 per foot more expensive than black plastic. Our data do not show an economic advantage for blue over black mulch for okra, but the positive effect cited by other authors may be more pronounced with leafy vegetables. More research needs to be done to know the effect that row covers with various colored plastic mulches have on the earliness and production of vegetable crops. Akovunoglou, G., H. Anni, and K. Kalosaka. 1980 
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